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I.  s 


The  over-all  objective  in  this  research  program  is  to 
develop  a  step-by-step  identification-control  strategy  for  tine 
varying  dynamical  systems  which  utilizes  input-output  data  in 
block  data  fora  over  short  tiae  intervals.  Hence,  the 
identification  portion  of  this  objective  is  to  obtain 
computationally  feasible  algorithas  for  paraaeter  identification 
which  can  work  with  strictly  tiae  liaited  data.  The  publications 
and  papers  listed  in  Section  II,  Ref.  ll]-(5],  are  concerned  in 
one  way  or  another  with  this  objective.  Two  fundamentally 
different  approaches  to  this  problea  are  used  in  these 
references;  specifically.  Ref.  [1]  and  [3] -[5]  utilise  a 
projected  integral  equation  error  technique  as  an  underlying 
means  of  converting  a  parametrised  equation  error  model  in 
differential  operator  foraat  to  integral  equation  format  while 
obviating  the  necessity  to  deal  with  all  unknown  Initial 
conditions  for  the  tiae  liaited  data.  This  is  especially 
noteworthy  for  the  Identification  of  differential-delay  equation 
(008)  aodels,  the  subject  of  Ref.  (3)  and  (4),  since  the  state  of 
a  DOB  systaa  is  essentially  infinite  dimensional.  Here  it  is 
shown  how  the  eetiaation  of  pure  tiae  delay  can  be  decoupled  frca 
the  eetiaation  of  the  reaetoiag  system  parameters  for  a  class  of 
DOB  aodels  using  tiae  liaited  input-output  data.  The  formulation 
illustrates  the  use  of  the  variable  projection  functional  to 
nonlinear  least  squares  theory. 

The  results  to  (3)  and  14)  are  adapted  to  (1)  to  the  classic 
problem  of  estimating  time  delay  to  two  received  signals  when  the 
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transmitting  madia  are  characterised  by  unknown  transfer 
functions.  Comparisons  are  also  made  with  the  Generalized  Cross 
Correlation  method,  both  with  respect  to  analyses  and  simulation 
results,  with  the  conclusion  that  the  simple  cross  correlation 
method  works  at  least  as  well  as  the  parameter  estimation  or 
phase  data  methods  when  the  transmitting  media  possess  zero 
memory.  However,  the  cross  correlation  method  breaks  down,  as 
would  be  expected,  when  the  media  possess  dynamical  (nonzero 
memory)  characteristics.  Simulation  results  are  presented  which 
illustrate  the  superiority  of  the  projected  integral  equation 
error  technique  in  this  case,  although  the  computational 
requirements  are  understandably  much  more  demanding  than  the 
cross  correlation  method. 

The  results  to  be  published  in  [5]  represents  work  in 
progress  on  the  problem  of  estimating  the  target  acceleration 
parameter  in  a  two  dimensional  pursuit-evasion  model  when  the 
range  coordinate  data  is  given  over  short  time  intervals.  Here 
again  the  projected  integral  equation  error  technique  is  used 
along  with  a  second  order  differential  operator  model  for  the 
equation  error  over  each  short  time  interval. 

The  results  published  in  Ref.  (2]  stand  in  contrast  with 
those  represented  by  ID  and  13] -IS]  in  that  the  classical  method 
of  Shinbrot*  is  used  to  convert  a  linear  differential  equation  to 
an  algebraic  equation  involving  integral-type  functionals  on  the 
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time  limited  input-output  data.  These  functionals  ace 
characterized  by  a  set  of  so  called  "modulating  functions",  and 
the  main  contribution  in  [2]  is  to  show  how  trigometric  functions 
can  be  used  to  define  an  appropriate  set  of  modulating  functions 
so  that  the  functionals  correspond  to  coefficients  in  a  finite 
Fourier  series  of  the  data.  This  implies  that  a  discretized 
approximation  to  these  integrals  can  be  made  which  points  toward 
the  use  of  the  computationally  efficient  Fast  Fourier  Transform 

t 

algorithm.  The  formulation  can  be  extended  to  include  the 
parameter  identification  of  a  class  of  linear  time  varying 
differential  systems  with  periodic  coefficients  modeled  by 
parametrized  linear  combinations  of  commensurable  sinusoids. 
Preliminary  simulation  results  indicate  that  this  approach  is 
surprisingly  immune  to  random  measurement  noise.  Further 
investigations  are  underway  to  analyse  the  effects  of  random 
measurement  noise  on  the  estimation  accuracy. 
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